Relatively little is known about the feeding habit of the Royal Bengal Tiger of Sundarbans and the relative biomass of individual prey base species that the predator consumes during each kill. This is the first attempt to collect such data from the study area. Data sets of two phases have been used. Identification of undigested remains of 214 tiger scat samples was carried out. A comparison with Sundarbans tigers in zoo has been made. In its natural habitat, the tiger consumes more of spotted deer, followed by wild boar, rhesus monkey, and water monitor. Though the tiger consumes a relatively low proportion of small prey species to meet its dietary requirements, it gains importance in the present perspective. Significant increase is noted in the relative number of prey species consumed in the second phase, which correlates well with increased prey availability. Hypotheses formulated to find the difference in prey biomass and relative number of prey consumed have been tested statistically. A significant difference in terms of relative number of prey consumed only was derived which has been qualitatively correlated with the positive effect of increased vigilance, as revealed by secondary data, on conserving tiger habitat vis-a-vis the increased prey availability in Sundarbans.
Introduction
As with all other organisms, the tiger's diet is a fundamental aspect of its ecological niche. Quantifying diets has long been and continues to be one of the first steps in studying a species' basic ecology as discussed by Sih and Christensen [1] . For the community ecologist, forager diets potentially play a central role in determining the predator-prey interactions and dynamics of competition between species [2, 3] . The availability and range of diet play a pivotal role in determining the dynamics of competition at inter-and intraspecific levels, predator-prey interactions, and other community interactions. An understanding of diets, and ideally, an ability to predict diet shifts in response to changes in prey biomass or prey availability are thus major issues, especially in conservation and management affairs.
The tiger is always found to be associated with large mammalian herbivorous prey species in all its habitat ranges across the globe. These include wild buffalo (Bubalus bubalis), gaur (Bos gaurus), nilgai (Boselaphus tragocamelus), swamp deer (Cervus duvaucelii), sambar (Rusa unicolor), barking deer (Muntiacus muntjak), spotted deer (Axis axis), and wild boar (Sus scrofa) [4] [5] [6] [7] [8] . But according to Schaller [4] , occasionally they have been found to predate on other carnivores like leopards (Panthera pardus), sloth bears (Melursus ursinus), civet cats, and small vertebrate species like frogs also. The tiger is reported to have failed to survive in areas wherever these key prey species including large ungulates and primates have been exterminated [9] , although it is known that most of the large mammals change their food habits according to their physiological as well as reproductive state. Several hypotheses have been proposed to explain prey selection by predators. These hypotheses at times take into account ultimate causal factors such as energetic benefits and costs involved [10, 11] and also proximate mechanisms of selection such as prey vulnerability [12] [13] [14] . Tigers on an average, like most other cats, take more number of preys, which are generally less than their own body size [15, 16] but are also reported to consume prey species larger than themselves, when largesized preys are available in higher densities [8] . Hence, prey selection of tigers in any area is ultimately the cumulative effect of different ecological, behavioral, and habitat factors which delineates the availability and vulnerability of prey species at any particular time [17] .
Studies have described systems where extinction of apex predators has caused trophic cascades that have influenced community structure and ecosystem [18, 19] . Because inferences are frequently drawn from food-habit studies of predators to predict stability of an ecosystem with particular reference to prey-predator dynamics, it is important that results from such studies accurately describe the diet. Faeces of wild animals are the most evident and most easily recognizable signs of their presence [20] . Major carnivores are at an advantage in this regard because they normally feed on such animals which are easily recognizable in their droppings which consist of partly digested material and undigested parts of such animals and occasionally plants. The fecal components may include bones, teeth, claws, scales, feathers, and plant tissues as well as mucus, epithelial cells, and a significant amount of living and dead bacteria. Because tiger is a specialized hunter, its breeding success, organization, and land tenure system are affected by the availability composition and distribution (temporally and spatially) of suitable prey. Therefore, emphasis is needed on understanding the predator-prey relationship. It is also important to study how the tigers respond to the variable environments.
The tiger of Sundarbans is the World-renowned Royal Bengal Tiger (Panthera tigris tigris). Sundarbans tiger is different from any other tiger in the country and the world because of its adaptability to the unique mangrove habitat. Their behaviour is largely individual specific and cannot be generalized and is also not replicable from the studies made on other tigers of the world or the country, even in Sundarbans itself. Much used word of "aberrations" is actually its adaptation to a hostile land which renders it perpetually under stress. Tigers in Sundarbans eat fish and crabs, can swim very fast in the big rivers even up to the speed of 13 km/hr., climb trees, drink salty water, take their prey in broad daylight, prey upon human beings, and do not have any common preying behaviour. The tiger pugmarks are seen everywhere in the forest though the tiger itself is not so visible. These added with the hostile habitat make Sundarbans not an ideal place to study tigers. The present paper deals with the study of food preferences, availability of prey, and the effect that increased protection in the area by the Department of Forest through its different measures over the two phases of study has had on the Panthera tigris tigris from the Sundarbans Tiger Reserve (STR). The entire area is covered by soft, ill-consolidated slushy and sandy soil substratum with high salt and water content is regularly under the influence of tidal regimes; the soil, also characterized by low oxygen content and abundant hydrogen sulphide, is comparatively young, very fine grained, and typically semifluid; some parts contain abundant humus, whereas some are rich in calcareous materials brought in from the sea in the silt by the tides. Only the upper layers of the soil in such areas are found to be well oxygenated.
Materials and Methods

Methodology.
The tiger diet was reconstructed through analysis of the scat. Tiger scats were collected whenever encountered during the two phases of the study (1999-2001 and 2008-2010) . These scats were identified on the basis of associated signs and tracks and also size and appearance. The exercise had its advantage as the habitat under study is not home to any major same-trophic occupant competing for similar resources, sampling could be done without confusion but was extremely difficult in the hostile environmental situation of the study area. While collecting, all the available boluses were collected as a single sample and mixed randomly. Collected scats were washed with water followed by a dilute acid. Subsequently, the undigested remains such as hair, bones, hooves, quills, nails, and teeth of the prey consumed were separated for prey base species identification. The hair, bones, hooves, quills, nails, and teeth were identified on the basis of their general appearance like colour, length, width, medullary structure, and cuticle pattern. Quantification of the diet was based on both frequency of occurrence (proportion of total scats in which each item was found) and percent of occurrence (number of times a specific item was found as a percentage of all items found).
Data Analysis and Interpretation.
The frequencies of prey species remains, which can be identified in scats, do not usually give a representative picture of the consumed proportion of different prey species when the prey types vary in size to a considerable extent. According to Floyd et al. and Ackerman et al. [21, 22] , smaller prey species having more hair per unit body weight produce more scats per unit prey weight consumed, leading to an overestimation of smaller prey species in the carnivore diet. Hence, the correction factor developed by Ackerman et al. [22] was used to estimate the relative proportion of biomass of different prey species consumed by tigers in the study area. The regression of biomass consumed per scat produced against prey weight resulted in the linear relationship = 1.980 + 0.035 [22] has been used in the present study, where = kg of prey consumed per field collectible scat and = average weight of an individual of a particular prey type. Solving the equation for gave an estimate of biomass consumed per collectible scat for each prey type. Further, the relative biomass consumed (%) and the relative number of individuals consumed (%) were calculated; the data obtained are represented in Tables 1 and 2 .
Study on the Diet of Captive Sundarbans Tigers.
A comparative study on the dietary characteristics of Sundarbans tigers under captive situation, that is, within the premises of Calcutta Zoo, was also used to determine requirements and habits with regards to food of the Sundarbans tigers. The environmental conditions under which the Zoo tigers reside are purely artificial and the diet provided is restricted too. Each tiger is provided with 7 kg of beef every day with a weekly fast. So, the weekly biomass consumed by an adult tiger under such condition amounts to 42 kg.
Results
From the above data, the mean biomass of each prey base species and percentage of relative biomass consumed in case of each of the prey base species have been used to calculate the average weekly consumption of the tiger in the wild during the two phases ( Table 3) . The results highlight the fact that the weekly average dietary requirement of the Sundarbans tiger whether in the wild or in captivity is similar.
Based on the data in Tables 1 and 2 , a comparative analysis of the relative number of prey individuals consumed during phase 1 and phase 2 is graphically represented by a line plot in Figure 1 .
The range of peaks for each prey base species in Figure 1 is indicative of difference in terms of the relative number of individuals consumed during the two phases, especially in the cases of the larger prey species-spotted deer, wild boar, and rhesus monkey. A hypothesis H 01 was formulated based on the assumption that there is no significant difference between the relative number of prey-base individuals consumed during the two phases. A paired t test performed on the above assumption yields value = 2.54 and an associated value = 0.035 at = 0.05. Thus, H 01 is rejected, and a significant difference is established between the relative number of preybase individuals consumed by the Sundarbans tiger during the two phases over a temporal span of 10 years.
A similar hypothesis H 02 was formulated based on the assumption that there is no significant difference between the relative biomass consumed by the Sundarban tiger during the two phases of study. A paired t-test performed on this assumption establishes the null hypothesis and H 02 is accepted, implying that there is no significant difference in the relative biomass consumed by the Sundarbans tiger during the two phases of the study.
Discussion
An examination of the 214 scats (113 (phase 1) + 101 (phase 2)) led to the detection of 305 prey items in terms of occurrence (Tables 1 and 2 ). Spotted deer made up to 53.79% (phase 1) and 52.51% (phase 2) of all the prey items detected, but occurred in 69.02%-72.27% of all scat samples. Wild boar made up to 19.31% (phase 1) and 30.93% (phase 2), rhesus monkey 6.89% (phase 1) and 7.19% (phase 2), and water monitor 9.65% (phase 1) and 4.31% (phase 2) of all the items detected in the collected scats. Fish, crab, and birds together contributed to only 9.63% (phase 1), 5.02% (phase 2) of the detected items. Fishing cats and turtles were detected only once in the scat of the tiger, proving that they are not common dietary preference of the Sundarbans tigers. The leaves of Phoenix paludosa-a common mangrove palm of the Sundarbans was found to occur commonly in the scats that-are known to Total 159
(i) Frequency of occurrence (proportion of total scats in which an item was found). Frequency of occurrence = × 100/ (occur) . (ii) Percent of occurrence (number of times in which a specific item was found as a percentage of all food items found barring Phoenix which is not considered as a conventional food item but is consumed by the tiger to regulate bowel movements). Percent occurrence = × 100/ (occur.) − ( ℎ occur) . ( stands for number of times each species is found to occur in the scat samples). Table 2 (i) Frequency of occurrence (proportion of total scats in which an item was found). Frequency of occurrence = × 100/ (occur) . (ii) Percent of occurrence (number of times a specific item was found as a percentage of all food items found barring Phoenix which is not considered as a conventional food item but is consumed by the tiger to regulate bowel movements). Percent occurrence = × 100/ (occur.) − ( ℎ occur) . ( stands for number of times each species is found to occur in the scat samples).
be part of the tiger diet to help it regulate bowel movements. Most prey species that are common in the study area, both nocturnal and diurnal, were represented in the diet. A better estimate of the numerical importance of the various prey items in the diet could be calculated using a correction factor [22] . This gave an estimate of the number of collectible scats produced per animal consumed. The results reveal that though spotted deer contributes to about 65-75% of the tiger diet as biomass, it is only 13.62% (phase 1)-26.64% (phase 2) of the relative number of individuals of all the prey base species consumed by the tiger. Interestingly, it is the smaller animals including the water monitors, birds, crabs, and fish that gain importance as part of the tiger diet than suggested by the uncorrected sample and contribute 21.59% (phase 1)-23.42% (phase 2) of the individuals consumed by the tiger in the wild. Thus, the ecological significance of the study lies in that the Sundarbans tiger exploits a wider range of available prey sizes to suit and fulfil its dietary requirements.
Furthermore, an analysis of the results obtained in the two different phases highlights a significant difference in terms of the number of individual prey base species consumed by the tiger within the Protected Area of Sundarbans Tiger Reserve. This implies an increased prey availability for the tiger which can be interpreted as a direct effect of increased protection and vigilance initiatives implemented by the Department of Forest, within the area. The secondary data obtained from the Annual Reports of the Sundarbans Tiger Reserve validate such claims. The initiatives include intensification of management, increase in patrolling, regular monitoring programmes, employment generation for fringe area population specially in the ecotourism sector, distribution of administrative units over large areas as compared to the previously existing units situated very near to fringe villages, increase in number of land-based camps, introduction of floating camps and check posts, and stringency in issuance of tourist permits. A summary of the directly related protection activities initiated and implemented in terms of protection and vigilance during the two different phases of study is highlighted in Figure 3 . These initiatives clearly emphasize the role that habitat protection has shown on the conservation of the Sundarbans tiger and its prey base.
